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Abstract 
 
The risk of overwhelming postsplenectomy infection (OPSI) prompted the evolution toward preservation of the injured 
spleen. 
Nonoperative management (NOM) of blunt injury to the spleen in adults has become the standard of care in 
hemodynamically stable patients. This modality of treatment began in the 1970’s in paediatric patients. It is highly successful with 
overall failures rates from 2% to 31% (average 10.8%) - with the majority of failures occurring in the first 24 hours. Current, NOM of 
splenic trauma includes splenic artery embolization. 
However, the criteria for NOM are controversial. In this study we present the current criteria, the evolution and failure rates of this 
type of management viewed through the general knowledge and, particularly, our experience. 
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Billroth suggested over 100 years ago that the 
injured spleen has the ability of self-healing [1]. He 
submitted this theory following the post-mortem findings in 
a 43 year-old woman, who fell from height during work 
and died 5 days later from brain and abdominal injuries. 
The autopsy revealed a splenic injury without an obvious 
sign of recent bleeding. Therefore, Billroth concluded that 
”the lesion healed completely judging by the macroscopic 
appearance of the lesion and the reduced amount of 
intraperitoneal blood”. 
When it comes to visceral injuries following 
abdominal trauma, there is nothing as radical as the 
nonoperative management (NOM) of hepatic and splenic 
injuries [2]. The treatment for blunt abdominal trauma has 
significantly changed thanks to new diagnostic methods 
and the accurate assessment of organ damage.  
In order for nonoperative treatment (NOT) of 
splenic injuries to be the standard goal of therapy in 
hemodinamically stable patients, it is necessary to have 
an accurate knowledge of patient selection criteria for 
nonoperative management, as well as a precise 
assessment of the factors precluding conservative 
therapy. This becomes tangible due to diagnostic and 
therapeutic angiography addition. 
          This major therapeutic change was the 
consequence of  many clinical studies indicating that 
splenectomy increases the risk of infection susceptibility 
with its most deadly manifestation-OPSI (overwhelming 
postsplenectomy sepsis), which appears in 0.5% of all 
splenectomies in trauma patients and in over 20% of 
elective splenectomies for hematologic disorders [3]. 
OPSI is most frequent during the first 2 years of asplenia 
but there is a permanent risk of infection with a mortality 
of over 80%. 
          Knowing all these factors set the trend in 
splenectomy-conservative therapy debate (non-operative 
management, conservative surgery, and spleen auto 
transplant); it is currently considered that traumatic 
splenic injury is no longer an absolute indication for 
splenectomy, thus a proper reviewing of indications for 
emergency surgery in traumatic hemoperitoneum is 
needed. 
In 1882, Gross indicated NOM for spleen injuries 
and recommends bed rest and mild diet for minor injuries 
and lead acetate, ergot and opium for severe lesions; 
surgery will be performed only if necessary. “A System of 
Surgery” [4]. 
According to Lucas [1] the pioneer for non-
operative management (NOM) in splenic trauma was 
Wanborough, in 1940 (Sick Children's Hospital Toronto). 
In 1968, Upadhyaya observed that 
“often,  children with splenic injuries do not exhibit the 
signs of an important blood loss. It is intriguing that in 
most children with splenic lesions the bleeding had 
stopped by the time of laparotomy  “ [4]. This fact is 
explained by varied mechanisms: hypotension, clot Journal of Medicine and Life Vol. 5, Issue 1, January‐March 2012 
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formation, the gluing effect of the great omentum, 
perisplenic hematoma containing the actual bleeding, 
intact splenic capsule. 
In 1971, Douglas and Simpson (Toronto Hospital 
for Sick Children)  described 32 cases of children with 
clinical signs of splenic injury treated conservatively out of 
whom, 25 children did not require surgical intervention. 
This study proved that the spleen has indeed the 
capability of healing itself with an excellent outcome in 
selected cases (Douglas cit.5). 
However, employing non-operative treatment for 
splenic injuries in adults was initially a challenge for 
surgeons for several reasons: the post-splenectomy 
sepsis is less frequent and less severe compared to 
children; structural and vascular splenic changes 
according to age and possibly the type of force inducing 
the lesion make a spontaneous hemostatis unlikely; the 
risk of overlooked associated injuries; the ensuing 
possibility of delayed rupture of the spleen (DRS), 
splenosis or post-traumatic cyst [6]. 
        Other explications, although not scientifically 
founded, include a much thinner and somewhat less 
elastic splenic capsule in adults (Morgenstern,Gross cit. 
7), lesion disposition in relation to splenic vasculature 
(much more favorable when the lesion is parallel with the 
blood vessels), associated rib fractures. These 
discrepancies are explained by an increased severity of 
adult trauma which usually associates extra and intra-
abdominal injuries requiring surgical intervention (1997 
Powell cit. 8). 
Patients with traumatic splenic injuries can be 
treated surgically or conservatively according to the 
surgeon’s or hospital’s characteristics. Britt [9] first uses 
the term of “alternative surgery” to define non-operative 
management or the selective approach of trauma 
patients. 
NOM represents the progression of S.O.S. 
concept (save our spleens), which was initially used for 
children and later on extended to adults. 
Patients with traumatic spleen injuries have a 
significantly higher risk of bleeding than those with hepatic 
injuries (5% vs 1% -10). 
Eastern Association for Surgery of Trauma 
(EAST) infers that “non-operative management of splenic 
and/or hepatic trauma in hemodinamically stable patients 
is feasible” [10]. 54.8% of the patients included in this 
study have been successfully treated conservatively; 
there were 10.8% failed approaches with 60.9% of them 
materializing in the first 24 hrs. 
Splenic conservation after blunt abdominal 
trauma became possible thanks to the following findings: 
  Whitessell observed that splenic fractures 
following blunt abdominal trauma are most 
frequently perpendicular on the organ’s long 
axis, therefore the risk of segmental vascular 
damage is quite small (the intersegmental 
avascular planes) (cit. 7); 
 Upadhyaya and Simpson observed that 
transverse splenic fractures in children do not 
exhibit active bleeding when splenectomy was 
performed, suggesting that hemostatic surgical 
intervention was not necessary; 
o The medical community acknowledged the 
important immunological role of the spleen; 
o Improvement of non-invasive diagnostic methods 
(especially CT). 
When employing NOM it is necessary to select 
the patients with hemorrhagic lesions that clot 
spontaneously (longitudinal lesions that parallel the long 
axis of the spleen may cross larger segmental vessels 
with an unlikely possibility of spontaneous hemostasis). 
The standard criteria for NOM are [11,12]: 
 hemodynamic stability/ readily stabilizable; 
 lack of rebound and guarding; 
 blood transfusions ≤ 4 units; 
 no lack of consciousness; 
 age <55 years; 
 imagistically documented splenic injury. 
The only absolute indication for emergency 
laparotomy is hemodynamic instability [11,12]. 
Complex/severe splenic injuries, age, pre-
existent splenic diseases, number of units of transfused 
blood, brain injuries are no longer considered absolute 
contraindications for NOM (13,14,Gaunt,Avanoglou-
cit.11,15,16,17). 
“NOM for blunt splenic injuries replaces 
splenorrhaphy which was the usual method for preserving 
the spleen” [13]; Garber [18] is the author of a multicentric 
retrospective study, made in Ontario (Canada) which 
validates that NOM is the preferred therapeutic method (in 
69% of patients), followed by splenectomy (28%) and 
splenorrhaphy (4%) in non-trauma centers and 65%, 33% 
and 2% respectively in trauma centers. The incidence of 
NOM has increased from 59% (1991) to 75% (1994) and 
that of splenectomy has decreased from 35% (1991) to 
24% (19914). The incidence of splenorrhaphy has 
significantly dropped from 6% to 1%. 
Even 2 units of transfused blood during the first 
48 hrs (in order to maintain a HGB level above 8 g/dl) is 
compatible with a successful NOM [1,3]. 
In penetrating anterior abdominal injuries (with 
splenic injury) NOM is applicable only if the patient 
presents: 
  hemodynamic stability; 
  lack of rebound and guarding; 
  no evisceration; 
  no orifice/multiple orifice bleeding [9]. 
It was initially considered that patients 
undergoing NOM or splenorrhaphy require bed rest for 1 
week and avoidance of physical activity for 6 months; the 
experimental studies performed on dogs and pigs by 
Dulchavsky and co. showed that splenic scarring consists 
of an extensive capsular fibrosis and fibrous reaction at Journal of Medicine and Life Vol. 5, Issue 1, January‐March 2012 
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splenorrhaphy site and paralleling intrasplenic septs [19]. 
Kluger [20] performed an experimental study on young 
rats and adult rats in order to clear up the cellular 
mechanism of splenic scarring after trauma and the 
influence of patient’s age on the success of NOM. 
He observed that the local bleeding reabsorbed 
in the first 48 hrs in young rats and in 7 days in adult rats; 
he also noticed that splenic parenchyma regeneration 
appeared in 14 days in young rats whilst in adult ones the 
process was incomplete by the 21st day. Peak 
accumulation of myofibroblasts at the laceration site took 
place during day 2 in young rats and during day 4 in adult 
ones. Splenic lacerations heal through a regeneration 
process and not by collagen scarring. 
Accelerated splenic healing that grants a 
successful NOM in children and young adults is explained 
by this early accumulation of myofibroblasts at the lesion 
site. Benya [21] conducted a study that included children 
with grade I-II splenic injuries with complete resolution on 
CT scans after 4 months from the initial injury; for severe 
lesions the healing time is extended to over 6 months for 
grade III and over 11 months for grade IV injuries.   
The author considers a complete resolution on 
CT scan when there are no abnormal areas in or around 
the spleen or when there is a mild residual deformation of 
the splenic outline (without the obvious presence of a 
hematoma/ perisplenic fluid collection). 
Patients of at least 50 years of age do not 
represent a contraindication for NOM, although they are 
at risk for an unsuccessfull conservative approach [22]. 
According to Longo, Uranüs and Sartorelli 
[3,22,23] predictive parameters for a successful NOM 
include: 
  hemodinamically stable/ readily stabilizable; 
  blood transfusions < 4 units; 
  age < 55 years; 
  early resolution of splenic abnormalities 
obvious on imagistic investigations; 
  no lack of consciousness/ no brain injuries; 
  no associated intra- or retroperitoneal 
injuries (upon abdominal CT scan) that 
would require surgical intervention; 
  no rebound or guarding; 
  complete recovery of bowel movements. 
Knudson (cit 14) considers that the 
hemoperitoneum secondary to spleen/ liver injuries is 
absorbed after the 5th day from the initial insult. If free 
intraperitoneal blood is still present after day 5 upon CT 
scan there is the possibility of overlooked injuries or 
rebleeding. 
 
Associated extra-abdominal injuries 
Blunt aortic injuries accompany hepatic and 
splenic lesions in 15-20% of cases (Fabian, Hunt  cit. 24); 
Santaniello’s study [24] states that 33% of the patients 
with blunt aortic injury have associated simultaneous 
hepatic/ splenic lesions. Recent NOM protocols for 
splenic injuries debunk the “removal of spleen from the 
equation” myth. Santaniello’s study shows that minor 
splenic injuries (grade I-II) associated with aortic lesions 
pose a minimum/no risk for anticoagulation therapy. In 
this article’s editorial Kenneth Mattox disagrees upon 
unrecognized these findings when dealing with aortic 
injury associated with major splenic lesions. 
Sartorelli [23] considers that the outcome of 
NOM in multiple parenchymal trauma patients is not 
different from that of NOM in unique organ involvement. 
Furthermore, NOM in patients with associated brain 
injuries to hepatic/ splenic lesions is safe (Archer  cit. 
23,25). Garber [18] observed that chest injuries account 
for most of the associated lesions (77%), followed by 
head injuries (59%). 
    An age over 55 years was considered a criterion 
for an unsuccessful NOM (Godley had a rate of success 
of 9% when employing NOT in elderly patients; Esposito 
cit 23). Why? Elderly patients have diminishing biological 
reserves; structural alterations concordant with age make 
a spontaneous hemostasis unlikely, increased splenic 
frailty. In an attempt to decipher these statements, Barone 
[17] quotes 2 articles written by Morgenstern and 
published between 1983 and 1979. Morgenstern and 
Uyeda (1983) assert that “splenic hemostatis is tempered 
by age, children and young adults having functional 
smooth muscle tunic and elastic tunic” whilst elderly 
patients exhibit structural changes that “restrict the 
contraction and retraction of damaged blood vessels 
within the splenic parenchyma”. 
In 1979, Morgenstern and Shapiro suggested 
that splenorrhaphy should be contraindicated in elderly 
patients. In 1964, Gross observed the structural 
distinction between the splenic capsule in young adults 
and elderly patients, stating that “after the age of 60 years 
the splenic capsule is thickening”.  Perhaps Gross’s 
studies should be reviewed and set as a standard 
protocol for NOM in elderly patients. (Barone-17). 
Sartorelli [23] reported favorable results for NOM in 83.3% 
of all patients >55 years old, similar to those conveyed by 
Barone (83%- 17), Myers [26], Brasel (71% -15) and 
Cocanour [12]. Furthermore, Clancy [27] declared that the 
percentage of conserved spleens in patients over 65 
years of age is similar to that of younger patients (40 
patients over 65 years of age have been treated 
successfully by NOM). It is not the age but the grade of 
splenic injury that increases the risk of failure for NOM 
[28]. The use of BOAST (Bedside Organ Assessment with 
Sonography for Trauma) as well as permanent and 
careful monitoring of these patients ensures the success 
of favorable outcome with NOM [29]. 
According to Frizis, [30] old age has no influence 
on the final outcome of elderly multiple trauma patients; 
trauma is not only a disease of the young and “age is the 
problem, not the injury”.  
The level of consciousness - in the past, 
patients with altered mental status were not treated Journal of Medicine and Life Vol. 5, Issue 1, January‐March 2012 
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conservatively because of overlooked intra-abdominal 
injuries that might require laparotomy. However, Archer’s 
[31] and Keller’s [25] juvenile studies did not warrant the 
existence of undiagnosed complications in children. 
Rozycki’s study [29] corroborates Archer’s findings, 
including for patients with a GCS ≤ 8, stating that  ”NOM 
is not only perfectly feasible in patients with severe brain 
damage, but efficient and safe”. According to Pal [32] the 
CT scans represent a very effective diagnostic method for 
hemodinamically stable patients with altered mental 
status and equivocal abdominal exam, having a sensitivity 
of 97.7%, a specificity of 98.5% and an overall accuracy 
of 99.4%. Authors consider that DPL is not necessary in 
this group of patients.  
Archer’s results (NOM in patients with altered 
mental status is safe in a strictly monitored environment)  
are confirmed by the rate of success of NOM in patients 
with GCS<13 (93%). Likewise, Cocanour [12] considers 
that brain injuries are not a contraindication for NOM. 
Sartorelli’s study [23] about multiple 
intraabdominal parenchymal injuries established a rate of 
success for NOM of 94.1%, therefore confirming its 
safety; similarly, Goan [14] considers that NOM in patients 
with hepatic lesions is secure when careful clinical and 
imagistic monitoring is provided.  
The severity of splenic injury- it appears that 
NOM is effective in splenic injuries with an average 
lesional AAST score of 3 [33]. There are a few studies 
[34] (Nallathambi, Malangoni, Pickhardt, Brick, Mahon, 
Taylor, Jeffrey cit.34,35) signaling the fact that splenic 
injuries have an unpredictable progress and proving there 
is no obvious correlation between the anatomical lesion 
severity and clinical outcome. Velmahos debated these 
results based on his conclusions: AIS is a flawed system 
of staging intra-abdominal visceral injuries; a useful 
prediction model should be simple. 
The severity of hemoperitoneum- it is 
considered to be correlated with the injury score; Hiatt 
and Federico (cit. 14) considered the exact opposite to be 
true. 
Blood transfusions > 4 units; all patients 
included in Sartorelli’s study with early failure of NOM 
required more than 4 units of transfused blood. A 
hemoglobin level of < 9 g/dl and a heart rate of > 100 
beats per minute is an indicator for blood transfusion. 
Recent protocols for NOM are applicable in all 
multiple trauma patients with splenic injuries (but without 
hemorrhage), requiring more than 4 units of transfused 
units (usually following pelvic fractures) only in trauma 
centers. It is important to remember that prolonged 
bleeding may cause clotting disturbances, affecting the 
overall outcome of NOM, thus emphasizing the 
importance of an accurate clinical assessment. 
Multiple transfusions are actually the hallmark of 
failed NOM. 
Guth and Patcher [36] consider that pre-existent 
splenic diseases do not represent an absolute 
contraindication for NOM (HIV related splenomegaly). The 
splenomegaly induced by tropical diseases (especially 
malaria) require a conservative approach in the event of a 
trauma (NOM or splenorrhaphy). In Papua, New Guinea 
malaria is endemic with a high prevalence of ruptured 
pathological spleen but with a high preservation rate of 
over 70% (Waters).  
92% of all the patients with cirrhosis had an 
unsuccessfull NOM with 55% of fatal cases after surgery 
(splenectomy as a consequence of failed NOM) [37]. 
NOM failure is explained by altered spontaneous 
hemostasis associating with pre-existent portal 
hypertension syndrome (which leads to increased 
hydrostatic pressure within the parenchyma); there is also 
a clotting factor deficit in decompensated hepatic cirrhosis 
with a subsequent coagulopathy. Therefore, the mortality 
rate is directly correlated with increased PT values 
(prothrombin time), high lesion score and low serum 
albumin levels. Coagulopathy is a risk factor for a trauma 
patient with cirrhosis (Wahlstrom 2000; Tinkoff 1990;   
Morris 1990 - cit.37). It is imperative to operate to stop the 
bleeding if the patient has a pre-existent coagulopathy 
worsened by the ongoing hemorrhage. When preexistent 
coagulopathy is the one responsible for the bleeding 
following trauma, then the bleeding disorder should be 
tackled first and then decide whether or not surgical 
intervention is still required. Fang considers that cirrhosis 
is a contraindication for NOM. 
Patients with a prolonged PT should not be 
approached by NOM in case of splenic trauma even if 
cirrhosis is not present (38). 
Religion  represents an important factor when 
treating splenic injury. Zieg and co. [39] presented the 
case of a type A hemophiliac patient, a Jehovah witness, 
with splenic trauma and favorable NOM outcome that was 
treated with recombinant factor VIII. There are 10 cases in 
English literature of hemophiliac patients and splenic 
trauma out of whom, 3 had an excellent outcome for 
NOM. 
We now present the relative contraindications for NOM 
[8,23,40] which are basically criteria for a more cautious 
attitude when assessing and establishing the adequate 
treatment : 
  multisystemic trauma; 
  severe brain damage; 
  another associated lesion interfering with the 
splenic lesion and possibly requiring surgical 
intervention ; in 1.7% splenic injury is associated 
with diaphragmatic lesion (Miller-41) and less 
than 1% of patients with blunt abdominal trauma 
exhibit hollow viscus injury (0.3% have intestinal 
perforation)[42]. 
  age>55 years [43]; Journal of Medicine and Life Vol. 5, Issue 1, January‐March 2012 
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  diseased spleen. 
The only absolute contraindication is represented by 
hemodynamic instability. 
The benefits of NOM [26,44,45] are: 
 low morbidity and mortality; splenic 
preservation leads to lower early infections in 
adults; 
 avoidance of a non-therapeutic laparotomy; 
 no immediate/late complications that usually 
accompany a laparotomy; 
 minimal blood transfusions 
 decreased hospital stay (when other injuries 
prolonging the hospital stay coexist); 
 maintened immunological function and 
prevention of OPSI.  
Potential drawbacks of NOM : 
 overlooked injuries; 
Allen and co (cit. 46) observed that 2.3% of NOM 
patients have had other associated injuries that 
were initially overlooked and required surgery 
later on (delayed diagnosis for over 6 hrs in 20% 
on patients with blunt abdominal trauma), but 
with many intra-abdominal complications. In 
Sartorelli’s study overlooked hollow viscus 
injuries totalized 0.8% of all cases [23]. 
 Impredictible time period for a second potential 
bleeding; the combination of increased use of 
NOM and decreasing hospital stays may 
increase the opportunity for outpatient rupture. 
1.4 % of patients treated by nonoperative 
management required splenectomy and the 
median time to splenectomy was 8 days 
(Zarzaur- 47). 
 Low splenic conservation rate following 
surgery after unsuccessfull NOM; 
 A surgeon on call 24/7 and permanent clinical 
monitoring; 
 Debates about the time period necessary for a 
complete recovery.  
Delayed surgical exploration could be increase 
the risk of hemorrhagic shock, major blood disorders, 
excessive blood transfusions and potential death. In 90% 
of cases the failure of NOM is evident in the first 50 hrs 
from the initial insult. Velmahos [43] identified 4 
independent risk factors for an unsuccessfull NOM: 
splenic injury severity score, hemoperitoneum of over 300 
ml, positive FAST, necessary blood transfusions. 
Statistically speaking, when all 4 factors are present, 
NOM will fail in 96% of cases. 
  Meyers [26], Uranus [48] and Wisner [49] pinpointed the 
following criteria for mandatory emergency surgery: 
 persistent hemodynamic instability (despite 
aggressive fluid resuscitation); 
 early recurrent hypotensive events (after 
adequate resuscitation); 
 macroscopically positive diagnostic peritoneal 
lavage (in association with the previous 
criteria); 
In Velmahos’s study [11] complications following 
NOM occurred in 40% of cases and consist of: 
 persistent bleeding/ rebleeding; 
This is obvious when an altered status is present along 
with occurrence/re-occurrence of internal bleeding signs, 
an increased number of transfused blood in order to 
maintain a normal systolic blood pressure, a worsening 
CT/US image and a significant drop in hematocrit and 
hemoglobin. In most cases persistent bleeding is the 
culprit; delayed bleeding occurs in 2- step splenic 
fractures (a real lesion- intrasplenic pseudoaneurysm) or 
in the case of a ruptured expanding subcapsular 
hematoma (water is moving through osmosis leading to 
increasing size of the hematoma). 
 Post-traumatic splenic pseudocyst; 
 Splenic abscess-rare; blood-spread infection 
or vecinity contamination are the main causes; 
the treatment consists of percutaneous drainage 
and in case of failure, splenectomy; 
 Splenosis 
 Postembolization asplenia (functional splenic 
failure); 
 Pulmonary complications; 
 Deep venous thrombosis; 
 Blood transfusion-induced pathology(HIV, 
hepatitis C). 
Schreiber (cit. 50) reckons that HIV infection risk, 
that of human leukemic virus with T cells and of hepatitis 
B and C from 1 unit of transfused blood is 1 in 34000 
cases, 88% of them being hepatitis B and C. 
 
Unsuccessful NOM 
Occurs most frequently in the following circumstances: 
 hemodynamic instability (systolic BP < 90 
mmHg despite adequate resuscitation); 
 age > 55 years old; 
 > 4 units of transfused blood to maintain a 
hemoglobin level over > 10 g/dl; 
 Persistent leucocytosis; 
 The onset or aggravating sings of peritoneal 
irritation (suggesting further bleeding/ other 
overlooked injuries); 
 Worsening  imaging signs of splenic injury 
(repeated US exams)-post-traumatic splenic 
defect; 
 Intra-abdominal compartment syndrome 
(intravesical pressure > 20 cm H2O). 
  According to Velmahos [11] the minimum time 
period necessary for a patient to be included in NOM 
protocol is 3 hrs. Journal of Medicine and Life Vol. 5, Issue 1, January‐March 2012 
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The time interval between onset and reported 
NOM failure ranged between 6 and 94 hrs [22] with 
subsequent prolonged hospital stay (an average of 11.2 
days). 67% of patients with unsuccessful NOM had 
contrast blush (hyperdense, well delineated, 
intraparenchymal contrast collection) [40]. Therefore, he 
concluded that the risk for failing NOT when contrast 
blush is present is 24-fold increased. 
NOM failure can be explained by complications 
and by the constant pressure physicians find themselves 
to discharge patients as soon as possible; some failures 
are evident after discharge which means it is very 
important to identify any problem before that. Velmahos 
identified 2 independent risk factors for failing NOM: 
splenic injury ≥ 3 and more than 1 unit of transfused 
blood. When both factors are present NOM failing rate is 
as high as 97%; when none of these factors is present 
then NOM failing rate is 3% [11]. 
Unsuccessful NOM rate ranges between 2% and 
31%.[10,13,17,25,33,35,37,40,44,51-54]. In Fang’s study 
[37] this rate was of 21.9% because 92% of his patients 
had liver cirrhosis. 
Gavant’s and Federle’s retrospective studies (cit. 
44) showed that contrast extravasation/ post-traumatic 
vascular injuries (contrast blush) visible on CT scans/ 
spiral CT scans with IV contrast are usually associated 
with an increased rate for unsuccessful NOM (these 
lesions may also be present in low grade injuries I, II). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Failing NOM in adults is equivalent with 
increased blood transfusions (with its risk) and impending 
surgery [40]. 
 
Successful NOM 
In adults it ranges between 61.5% and 97%. 
[10,33,36,55] 
Pachter [36] reports the following results: 53% in 
grade II injuries; 29% in grade III; 4% in grade IV; 1% in 
grade V lesions. The high percentage (97%) reported by 
Sclafani [55] is subsequent to the use of angiography and 
proximal angioembolization. NOM is successful in 97% of 
cases in children no matter the injury score (Velanovich 
cit. 8). 
 
Hospital stay 
It varies between 3 to 7 days when no other 
injuries are present to elicit a prolonged stay 
[6,11,12,18,22]. 
    Discharge recommendations [23,56]: 
 Grade I-II lesions: 
o  Avoidance of strenuous activities and sport 
(jogging, lifting >20 pounds, 1 pound=453.6 
g), 
o  Avoidance of construction work for 6-8 
weeks; 
o  Light activities (light work around the house, 
desk work, and light aerobic activity) 2 
weeks after the initial injury. 
o  CT scan/US will be performed only if the 
clinical exam requires it. 
 Grade ≥III lesions : 
  Minimal activity for 1 week; 
  Light activity 4-8 weeks; 
  Avoidance of strenuous activities and sport 
for 10-12 weeks. 
 Grade IV, V lesions: 
 Avoidance of strenuous activities and sport 
for > 3 months. 
 Mandatory CT scans or US. 
 
Splenic angiography (diagnostic and therapeutic) 
Recent NOM protocols for splenic trauma include 
angiography (diagnostic and therapeutic) as an efficient 
alternative [57]. Angiography can have a diagnostic 
purpose as well as therapeutic (vascular embolization and 
hemostasis). 
The first angiographic embolization used 
Gelfoam (Katzen, 1976) and temporary balloon occlusion 
(Wholey, 1977) and were performed for hemostatic 
purposes prior splenectomy [58]. 
 
Vascular lesions visible on angiography are 
[57,59,60]: 
 contrast extravasation inside or outside of spleen; 
Fig. 1 CT scan showing contrast extravasation (grade III 
splenic fracture); perisplenic and perihepatic 
hemoperitoneum. 
Fig. 2 CT scan showing contrast blush in grade II splenic 
injury which was later confirmed by surgery; perisplenic 
hemoperitoneum. Journal of Medicine and Life Vol. 5, Issue 1, January‐March 2012 
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 vascular damage of terminal arteries (complete 
vascular transection); 
 intraparenchymal arterio-venous fistula; 
 intrasplenic pseudoaneurysm; 
 vascular compression by subcapsular hematoma; 
 variable degree of devascularization and 
irregularities in contrast filling (that includes Seurat 
spleen= small, spot-like, delineated/diffuse contrast 
collections). 
 
Indications for splenic angiography [61,62]: 
 grade 3, 4,5 splenic injuries; 
 vascular lesions visible on initial CT scan; 
 active bleeding upon CT scan or contrast blush in a 
hemodinamically stable patient (upon repeated CT 
scans); 
 unexplained decrease of hemoglobin level when no 
other lesions are present. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Splenic angioembolization (SAE) can be: 
distal (supraselective) 
 proximal (splenic artery)- achieved by using metal 
spirals (coils). It produces hemostasis by 
decreasing the blood flow and intrasplenic 
pressure; the viability of the remaining spleen is 
ensured by collateral blood flow (gastric arteries, 
omental arteries, pancreatic arteries). Sclafani [55] 
considers that the preservation of immunological 
functions is compatible with this procedure and 
even splenorrhaphy is facilited in case of surgical 
intervention. 
 Combined. 
Diagnostic and therapeutic (embolization) 
angiography is performed after CT scans showed 
intrasplenic vascular damage. Embolization is 
carried out only if there is angiographic 
confirmation of the lesion [61]. 
Second-look angiography is useful in recurrent bleeding 
and after an initially negative angiography (10%) (63 
Haan). Haan employed preferentially distal SAE for small 
grade lesions and combined SAE for severe injuries 
(however with almost no statistical difference). Haan [63] 
also believes that “delayed vascular emergencies” (term 
first introduced by the Memphis group) are basically 
delayed diagnoses that become evident when performing 
angiography for severe splenic injuries (grade 3, 4, 5). 
The Memphis group (Davis, Fabian, Croce) proved that 
initial CT and angiographic scans can skip vascular injury 
due to arterial spasm at the moment of the examination 
but can later become clinically detectable; spiral CT scans 
identified 80% of all vascular lesions that were initially 
unnoticeable (spiral CT is used as a screening test for 
angiography). The only statistically significant failure risk 
for NOM is the arterio-venous fistula which is treated not 
only by proximal SAE but by a more direct approach-distal 
SAE [64].  
The conclusions inferred by Haan’s study are [65]: 
 Proximal SAE is a much more useful therapeutic 
method than distal embolization (because it 
decreases the splenic perfusion pressure); the 
exception is an arterio-venous fistula; 
 The immunological consequences of proximal 
embolization are still unclear and require further 
investigation; 
 The use of SAE decreases by 20% the failure 
rate of NOM in grade 4 and 5 injuries; 
 SAE proved to be superior to surgical 
intervention when dealing with blunt splenic 
trauma in multiple trauma patients with brain 
injury. 
SAE is a useful and efficient method for NOM but it is 
necessary in only 7% of cases [61]. 
 
SAE indications [64,66]: 
 Proximal SAE: it is indicated in hilar lesions; 
Fig. 3 Grade III splenic fracture in a multiple trauma patient; 
splenic angiography does not show vascular damage- 
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  >3 distinct peripheral vascular lesions; 
  the injury affect more than 50% of the 
splenic parenchyma. 
 Selective SAE: limited vascular injuries. It is 
proficient because it allows proper hemostasis and 
adequate perfusion to remaining organ. 
 Combined SAE: for multiple vascular injuries 
(high injury scores). 
It is recommended to perform multiple CT scans after 
SAE in order to monitor the vascular damage, 
pseudoaneurysm formation, size of infarcted area 
and existence of localized infection (splenic abscess). 
SAE represents an elegant alternative and is now 
part of all NOM protocols in trauma centers. 
 
SAE induced complications [55,59,63,67-71] 
o Major complications (19%-28.5 %) 
o Bleeding- it is the most common complication 
caused by delayed diagnosis of 
pseudoaneurysms and late pseudoaneurysm 
formation; 
o Overlooked injuries: usually diaphragmatic, 
pancreatic; 
o Infection- splenic abcess, sepsis; 
o Splenic atrophy; 
o Iatrogenic arterial damage; 
o Acute renal failure after contrast administration 
o Deep venous thrombosis. 
o Minor complications (23%-61.9 %) 
o Splenic infarction: in 27% of cases after distal 
SAE and in 20% of cases after proximal SAE. 
Most of them are asymptomatic but it is believed 
that a splenic infarction is significant when a 
devascularization of >25% of splenic 
parenchyma occurs (upon repeated CT scans); 
o Migration of embolic material: spiral that 
migrates in proximal SAE needs extraction. 
o Angiographic vascular dissection: it is usually 
asymptomatic and non-occlusive (femoral artery, 
splenic artery). 
o Vascular damage when inserting the catheter( 
arterio-venous fistula) 
o Persistent pain at the catheter insertion site 
o Hematoma on the puncture site.  
o Post-emobolization syndrome- includes 
symptoms such as general discomfort, fever, 
local pain and/or leucocytosis which generally 
persist for 3-5 days; if blood cultures are 
negative and no signs of infection are present 
then it is considered to be a rather benign 
complication. It is self-limiting and it is caused by 
extensive tissue necrosis or intravascular 
thrombosis subsequent to a successful 
embolization. 
o Pleural and pulmonary complications; 
o Thrombocytosis; 
o Allergic reactions to contrast 
In Shih series [71] 28.5 % of patients had major 
complications including 4 cases of postprocedural 
bleeding that might be attributed to the use of Gelfoam as 
an embolizing agent.  
 
CT findings after SAE [72] 
Areas of spleen infarction appear after SAE that 
have certain characteristics: 
 Infarction appeared in 63% of cases after 
proximal SAE, but only in 20% of cases the area 
extended over more than 50% of splenic 
parenchyma. 
These areas are usually small in size, multiple, 
situated at the splenic border and heal 
completely. 
 Infarction areas after distal SAE occur in 100% 
of cases with only 9% of cases affecting over 
50% of the splenic parenchyma. They are 
usually a unique, large area immediately 
beneath the embolized blood vessel and heal 
completely in most cases. 
Statistically speaking distal SAE triggered more 
splenic infarctions than proximal SAE. 
 Combined SAE trigger splenic infarction in 71% 
of cases; in 20% of them more than 50% of 
splenic parenchyma was affected. 
When air bubbles are visible within the splenic 
parenchyma it is necessary to rule out a splenic abscess. 
Likewise, the presence of air-fluid level in a subcapsular 
collection suggests the development of a splenic abscess 
(which can be drained percutaneously). 
The immune alteration after SAE remains 
unclear. In a recent study Shih et al. [71] showed that 
SAE dysregulates the nuclear factor (NF)-kB 
translocations and aggravates the cytokine response in 
patients with spleen injury. Nakae [73], in a recent study 
finds that splenic preservation (embolization, 
splenorrhaphy, partial splenectomy) not have advantages 
over splenectomy in immunologic indices including levels 
of IgM and 14 serotypes of anti-Streptococcus 
Pneumoniae antibodies. Tominaga’s results [74] suggest 
that the immunologic profile of embolized patients is 
similar to controls. He tested IgM, IgG, C 3 complement, 
complement factor B, CD3, CD4, CD8 (helper and 
suppressor T-cells), complete blood counts and HIV 
status and found that splenic immunocompetence is 
preserved at a minimum 3 months after embolization. 
Consequently the immunization may not be necessary. 
However, larger studies are useful to make definitive 
vaccination recommendations. 
NOM represents an effective and safe alternative 
for selected patients with splenic trauma [75,76]. When 
dealing with splenic trauma NOM is the rule and not the 
exception [9] with its success relying upon adequate 
clinical assessment. 
The utilization of mobile digital subtraction 
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shortened the time required to restore normal physiology 
(more rapid reversal of acidosis, coagulopathy and 
hypothermia- “triad of death”- due to shortening the time 
required for hemostasis) (Morozumi-77). 
Recent studies suggests that early surgical 
intervention should be considered in blunt splenic injured 
patients with contrast extravasation and ISS ≥ 25 (Fu-78); 
Velmahos [79] identified 2 independent predictors of NOM 
failure: grade V blunt splenic injuries and the presence of 
a brain injury.  Jeremitsky [80] has evaluated the role of 
splenic embolization as an adjunct for NOM and found 
that it increased splenic preservation success. In his 
opinion the markers of greater injury severity are 
associated with an increased risk for NOM failure and 
substance abuse represents an independent predictor of 
NOM failure. Splenic angioembolization represents a valid 
and effective option in patients with severe splenic injuries 
and/or active bleeding (81,Franco-82). 
The use of splenic angioembolization for 
traumatic injuries was initiated at our institution in 2009. 
The first successful splenic angioembolization in trauma 
in Romania was performed at Emergency Hospital 
Bucharest and published in “Chirurgia” in 2010 (Venter-
83). 
As a conclusion: “ in a hemodinamically stable 
patient, with a major splenic injury, proximal SAE has the 
same effectiveness as splenectomy but with a low 
number of units of transfused blood and a low mortality 
rate” -Salvatore Sclafani. 
 
Acknowledgement. Our entire gratitude to Dr. Ioana-
Iftimie Nastase for helping us translate this manuscript. 
 
References 
 
 
 
1.  Lucas CE. Splenic Trauma-Choice 
of Management . Ann. Surg. 1991; 
213: 98-112. 
2.  Hoyt DB. Symposium on 
nonoperative management of liver 
and spleen trauma:introduction. 
World J.Surg. 2001; 25: 1388. 
3.  Uranüs S, Pfeifer J.  Nonoperative 
management of blunt splenic injury. 
World J.Surg. 2001; 25: 1405-1407. 
4.  McClusky III DA, Skandalakis LJ, 
Colborn GL, Skandalakis JE. 
Surgical History. Tribute to a Triad: 
History of Splenic 
Anatomy,Physiology,and Surgery-
Part 2. World Journal of Surgery. 
1999; 23: 514-526. 
5.  McCort JJ. 1986 President´s 
Address. Caring for the major 
Trauma Victim: the role of radiology. 
Radiology. 1987;163: 1-9. 
6.  Gibney EJ. Non-operative 
management of blunt splenic injury –
works well in about a quarter of 
patients. B.M.J. 1991; 302: 1553-
1554. 
7.  Malangoni MA, Cué JI, Fallat ME, 
Willing SJ, Richardson JD. 
Evaluation of splenic injury by 
computed tomography and its impact 
on treatment.  Ann Surg. 1990; 211: 
592-599. 
8.  Knudson MM, Maull KI. 
Nonoperative management of solid 
organ injuries. Surgical clinics of 
North America.1999; 79: 1357-1371. 
9.  Britt LD, Cole FJ.  ˝Alternative  ˝ 
surgery in trauma management. Arch 
Surg. 1998; 133: 1177-1181. 
10.  Peitzman AB, Heil B, Rivera L, 
Federle MB, Harbrecht BG, Clancy 
KD, Croce M, Enderson BL, Morris 
JA, Shatz D, Meredith JW, Ochoa 
JB, Fakhry SM, Cushman JG, 
Minei JP, McCarthy M, Luchette 
FA, Townsend R, Tinkoff G, Block 
EFJ, Ross S, Frykberg ER, Bell 
RM, Frank Davis III, Weireter L, 
Shapiro MB, Kealey GP, Rogers F, 
Jones LM, Cone JB, Dunham M, 
McAuley CE. Blunt splenic injury in 
adults: multi-institutional study of the 
eastern association for the surgery of 
trauma. J Trauma. 2000; 49: 177-
189.  
11.  Velmahos GC, Chan LS, Kamel E, 
Murray JA, Yassa N, Kahaku D, 
Berne TV, Demetriades D. 
Nonoperative management of splenic 
injuries; have we gone too far ?  Arch 
Surg. 2000; 135: 674-681. 
12.  Cocanour CS, Moore FA, Ware DN, 
Marvin RG, Clark M, Duke JH. 
Delayed complications of 
nonoperative management of blunt 
adult splenic trauma. Arch Surg. 
1998;133: 619-625. 
13.  Pachter HL, Guth AA, Hofstetter 
SR, Spencer FC. Changing patterns 
in the management of splenic 
trauma: the impact of nonoperative 
management. Ann Surg. 1998; 227: 
708-717. 
14.  Goan YG, Huang MS, Lin JM. 
Nonoperative management for 
extensive hepatic and splenic injuries 
with significant hemoperitoneum in 
adults. J Trauma. 1998; 45: 360-364. 
15.  Brasel KJ, DeLisle CM, Olson CJ, 
Borgstrom DC. Splenic injury: 
trends in evaluation and 
management. J Trauma. 1998; 44: 
283-286. 
16.  Davis KA, Fabian TC, Croce MA, 
Gavant ML, Flick PA, Minard G, 
Kudsk KA, Pritchard FE. Improved 
success in nonoperative 
management of blunt splenic injuries: 
embolization of splenic artery 
pseudoaneurysms. J Trauma. 1998 ; 
44: 1008-1015. 
17.  Barone JE, Burns G, Svehlak SA, 
Tucker JB, Bell T, Korwin SA, 
Atweh N, Donnely V.  Management 
of blunt splenic trauma in patients 
older than 55 years. Southern 
Connecticut regional trauma quality 
assurance committee. J Trauma 
.1999; 46: 87-90. 
18.  Garber BG, Mmath P, Fairfull-
Smith RJ,Yelle JD. Management of 
adult splenic injuries in Ontario: a 
population-based study. CJS . 2000; 
43: 283-288. 
19.  Dulchavsky SA, Lucas CE, 
Ledgerwood AM, Grabow D. 
Wound healing of the injured spleen 
with and without splenorrhaphy. J 
Trauma .1987; 27: 1155-1160. 
20.  Kluger Y, Rabau M, Rub R, 
Weinbroum A, Chaushu G, Ben-
Avraham R, Dayan D. Comparative 
study of splenic wound healing in 
young and adult rats. J Trauma. 
1999; 47: 261-264. 
21.  Benya EC, Bulas DI, Eichelberger 
MR, Sivit CJ. Splenic injury from 
blunt abdominal trauma in children: 
follow-up evaluation with CT. 
1995;195: 685-688. 
22.  Longo WE, Baker CC, Mc.Millen 
MA, Modlin IM, Degutis LC, Zucker Journal of Medicine and Life Vol. 5, Issue 1, January‐March 2012 
  56
KA. Nonoperative management of 
adult blunt splenic trauma;criteria for 
successful outcome. Ann Surg. 1989; 
210: 626-630.  
23.  Sartorelli KH, Frumiento C, Rogers 
FB, Osler TM. Nonoperative 
management of hepatic,splenic,and 
renal injuries in adults with multiple 
injuries. J Trauma. 2000; 49; 56-62. 
24.  Santaniello JM, Miller PR, Croce 
MA, Bruce L, Bee TK, Malhotra AK, 
Fabian TC. Blunt aortic injury with 
concomitant intra-abdominal solid 
organ injury: treatment priorities 
revisited. J Trauma. 2002; 53: 442-
445. 
25.  Keller MS, Sartorelli KH, Vane DW. 
Associated head injury should not 
prevent nonoperative management 
of spleen or liver injury in children. J 
Trauma. 1996; 41: 471-475. 
26.  Myers JG, Dent DL, Stewart RM, 
Gray GA, Smith DS, Rhodes JE, 
Root HD, Pruitt BA, Strodel WE.  
Blunt splenic injuries: dedicated 
trauma surgeons can achieve a high 
rate of nonoperative success in 
patients of all ages. J Trauma. 2000; 
48: 801-806. 
27.  Clancy TV, Ramshaw DG, Maxwell 
JG, Covington DL, Churchill MP, 
Rutledge R, Oller DW, 
Cunningham PR, Meredith JW, 
Thomason MH, Baker CC. 
Management outcomes in splenic 
injury; a statewide trauma center 
review. Annals of Surgery. 1997; 
226: 17-24. 
28.  Nix JA, Costanza M, Daley BJ, 
Powell Melissa A, Enderson BL. 
Outcome of the current management 
of splenic injuries. J Trauma. 2001; 
50: 835-842. 
29.  Rozycki GS, Knudson MM, 
Shackfors SR, Dicker R. Surgeon-
performed bedside organ 
assessment with sonography after 
trauma (BOAST): a pilot study from 
the WTA multicenter group. J 
Trauma. 2005; 59:1356-1364. 
30.  Frizis C, Papadopoulos A, 
Akritidis G, Frizis RH, Sougkas I, 
Chatzitheoharis G. Multiple trauma 
in young and elderly: are there any 
differences? European Journal of 
Trauma and Emergency Surgery. 
2008; 3: 255-260. 
31.  Archer LP, Rogers FB, Shackford 
SR. Selective management of liver 
and spleen injuries in neurologically 
impaired adult patients. Arch Surg. 
1996;131: 309-315. 
32.  Pal JD, Victorino GP. Defining the 
role of computed tomography in blunt 
abdominal trauma.Use in the 
hemodynamically stable patient with 
a depressed level of consciousness. 
Arch Surg. 2002; 137: 1029-1033. 
33.  Balaa F, Yelle JD, Pagliarello G, 
Lorimer J, O´Brien JA. Isolated 
blunt splenic injury: do we transfuse 
more in attempt to operate less ? J 
Can Chir. 2004; 47: 446-450. 
34.  Ochsner Gage M, Knudson MM, 
Pachter LH, Hoyt DB, Cogbill TH, 
McAuley CE, Davis FE, Rogers S, 
Guth A, Garcia J, Lambert 
P,Thomson N, Evans S, Balthazar 
EJ, Casola G, Nigogosyan MA, 
Barr R. Significance of minimal or no 
intraperitoneal fluid visible on CT 
scan associated with blunt liver and 
splenic injuries: a multicenter 
analysis. J Trauma. 2000; 49: 505-
510. 
35.  Umlas SL,Cronan JJ. Splenic 
trauma:can CT grading systems 
enable prediction of successful 
nonsurgical treatment ? Radiology. 
1991;178: 481-487. 
36.  Guth AA, Pachter HL, Jacobowitz 
GR. Rupture of the pathologic 
spleen: is there a role for 
nonoperative therapy? J. Trauma 
1996; 41: 214-218. 
37.  Fang JF, Chen RJ, Lin BC, Hsu 
YB, Kao JL, Chen MF. Liver 
cirrhosis: an unfavorable factor for 
nonoperative management of blunt 
splenic injury. J Trauma. 2003; 54: 
1131-1136. 
38.  Barone JE. Editorial comment. J 
Trauma. 2003; 54; 1136. 
39.  Zieg PM, Cohn SM, Beardsley 
Diana S. Nonoperative management 
of a splenic tear in a Jehova´s 
witness with hemophilia. J Trauma. 
1996; 40: 299-301. 
40.  Schurr MJ, Fabian T, Gavant M, 
Croce MA, Kudsk KA, Minard G, 
Woodman G, Pritchard F E. 
Management of blunt splenic trauma: 
computed tomographic contrast 
blush predicts failure of nonoperative 
management. J.Trauma. 1995; 39: 
507-513. 
41.  Miller PR, Croce MA, Bee TK, 
Malhotra AK, Fabian TC. 
Associated Injuries in Blunt Solid 
Organ Trauma:Implications for 
Missed Injury in Nonoperative 
Management. J Trauma 2002; 53 : 
238-242. 
42.  Cocanour CS, Moore FA, Ware DN, 
Marvin RG, Duke JH. Age should 
not be a consideration for 
nonoperative management of blunt 
splenic injury. J Trauma. 2000; 48: 
606-612. 
43.  Velmahos GC,Toutouzas KG, 
Radin R, Chan L, Demetrios D. 
Nonoperative treatment of blunt 
injury to solid abdominal organs. 
Arch Surg. 2003;138: 844-851. 
44.  Shanmuganathan K, Mirvis SE, 
Boyd-Kranis R,Takada T, Scalea 
TM. Nonsurgical management of 
blunt splenic injury: use of CT criteria 
to select patients for splenic 
arteriography and potential 
endovascular therapy. Radiology. 
2000; 217: 75-82. 
45.  Gauer JM, Gerber-Paulet S, Seiler 
C, Schweizer WP. Twenty years of 
splenic preservation in trauma: lower 
early infection rate than in 
splenectomy. World J Surg. 2008; 
32: 2730-2735. 
46.  Smith J, Caldwell E, D'Amours S, 
Jalaludin B, Sugrue M. Abdominal 
Trauma: a disease in evolution.   
A.N.Z. Surg. 2005; 75: 790-794.  
47.  Zarzaur BL, Vashi S, Magnotti LJ, 
Croce MA, Fabian TC. The real risk 
of splenectomy after discharge home 
following nonoperative management 
of blunt splenic injury. J Trauma 
2009; 66: 1531-1538. 
48.  Uranus S, Dorr K. Laparoscopy in 
abdominal trauma. European Journal 
of Trauma and Emergency Surgery. 
2010; 36: 19-24. 
49.  Wisner DH. Injury to the Spleen. In: 
Moore EE , Feliciano DV, Mattox KL 
eds. Trauma 5 th edition. New York 
McGraw-Hill. 2004: 663-685. 
50.  Aseervatham R, Muller M. Blunt 
trauma to the spleen. Aust NZJ Surg. 
2000; 70: 333-337. 
51.  Mangus RS, Mann NC, Worrall W, 
Mullins RJ. Statewide variation in 
the treatment of patients hospitalized 
with spleen injury. Arch Surg. 1999; 
134: 1378-1384. 
52.  Cadeddu M, Garnett A, Al-Anezi K, 
Farrokhyar F. Management of 
spleen injuries in the adult trauma 
population: a ten–year experience. J 
Can Chir. 2006; 49: 386-390. 
53.  Sanders MN,Civil I. Adult splenic 
injuries: treatment patterns and 
predictive indicators. Aust NZ Surg. 
1999; 69: 430-432. 
54.  Thaemert BC, Cogbill TH, Lambert 
PJ.  Nonoperative management of Journal of Medicine and Life Vol. 5, Issue 1, January‐March 2012 
  57
splenic injury: are follow-up 
computed tomographic scans of any 
value? J Trauma. 1997; 43: 748-751. 
55.  Sclafani SJA, Shaftan GW, Scalea 
TM, Patterson LA, Kohl L, Kantor 
A, Herskowitz MM, Hoffer EK, 
Henry S, Dresner LS, Wetzel W. 
Non-operative salvage of computed 
tomography-diagnosed splenic 
injuries: utilization of angiography for 
triage and embolization for 
hemostasis. J Trauma. 1995; 39: 
818-827. 
56.  Fata P, Robinson L, Fakhry M.  A 
survey of EAST member practices in 
blunt splenic injury: a description of 
current trends and opportunities for 
improvement. J Trauma. 2005; 59: 
836-842.  
57.  Pryor JP, Braslow B, Reilly MP, 
Gullamondegi O, Hedrick JH, 
Schwab CW. The evolving role of 
interventional radiology in trauma 
care.  J Trauma. 2005; 59: 102-104. 
58.  Sclafani SJA. The role of 
angiographic hemostasis in salvage 
of the injured spleen. 
Radiology.1981;141: 645-650. 
59.  Haan J, Ilahi ON, Kramer M, Scalea 
TM, Myers J. Protocol-driven 
nonoperative management in 
patients with blunt splenic trauma 
and minimal associated injury 
decrease length of stay. J Trauma. 
2003; 55: 317-322. 
60.  Cooney R, Ku J, Cherry R, Maish 
GO 3rd, Carney D, Scorza LB, 
Smith JS. Limitation of splenic 
angioembolization in treating blunt 
splenic injury.  J Trauma. 2005; 59: 
926-932. 
61.  Haan JM, Bochicchio GV, Kramer 
N, Scalea TM. Nonoperative 
management of blunt splenic injury: a 
5-year experience. J Trauma. 2005; 
58: 492-498. 
62.  Dent D, Alsabrook G, Erickson BA, 
Myers J, Wholey M, Stewart R, 
Root H, Ferral H, Postoak D, 
Napier D, Pruitt BA Jr. Blunt splenic 
injuries: high nonoperative 
management rate can be achieved 
with selective embolization. J 
Trauma. 2004; 56: 1063-1067. 
63.  Haan J, Scott J, Boyd-Kranis RL, 
Ho S, Kramer M, Scalea TM. 
Admission angiography for blunt 
splenic injury: advantages and 
pitfalls. J Trauma. 2001; 51: 1161-
1165. 
64.  Lui B, Schlicht S, Vrazas J. Role of 
embolization in the management of 
splenic trauma. Australasian 
Radiology. 2004; 48: 401-403. 
65.  Haan JM, Biffl W, Knudson MM, 
Davis KA, Oka T, Majercik S, 
Dicker R, Marder S, Scalea TM; 
Western Trauma Association Multi-
Institutional Trials Committee.   
Splenic embolisation revisited: a 
multicenter review. J Trauma. 2004; 
56: 542-547. 
66.  Gaarder C, Dormagen JB, Eken T, 
Skaga NO, Klow NE, Pillgram-
Larsen J, Buanes T, Naess PA. 
Nonoperative management of splenic 
injuries: improved results with 
angioembolization. J Trauma. 2006; 
61: 192-198. 
67.  Liu PP, Lee WC, Cheng YF, Hsieh 
PM, Hsieh YM, Tan BL, Chen FC, 
Huang TC, Tung CC.  Use of splenic 
artery embolisation as an adjunct to 
nonsurgical management of blunt 
splenic injury. J Trauma. 2004; 56: 
768-773. 
68.  Drooz AT, Lewis CA, Allen TE, 
Citron SJ, Cole PE, Freeman NJ, 
Husted JW, Malloy PC, Martin LG, 
Van Moore A, Neithamer CD, 
Roberts AC, Sacks D, Sanchez O, 
Venbrux AC, Bakal CW ; Society of 
Interventional Radiology Standards 
of Practice Committee. Quality 
improvement guidelines for 
percutaneous transcatheter 
embolization. J Vasc Interv Radiol. 
2003;14: S237-S242. 
69.  Velmahos GC, Chahwan S, 
Falabella A, Hanks SE, 
Demetriades D. Angiographic 
embolisation for intraperitoneal and 
retroperitoneal injuries. World J Surg. 
2000; 24: 539-545. 
70.  Smith HE, Biffl WL, Majercik SD, 
Jednacz J, Lambiase R, Cioffi WG. 
Splenic artery embolization: have we 
gone too far? J Trauma. 2006; 61: 
541-546 . 
71.  Shih HC, Wang CY, Wen YS, Wu 
JK, Huang MS, Huang CI, Lee CH. 
Spleen artery embolization 
aggravates endotoxin hyporesponse 
of peripheral blood mononuclear 
cells in patients with spleen injury. J 
Trauma 2010; 68: 532-537. 
72.  Killeen KL, Shanmuganathan K, 
Boyd-Kranis R, Scalea TM, Mirvis 
SE. CT findings after embolization for 
blunt splenic trauma. J Vasc Interv 
Radiol. 2001;12: 209-214. 
73.  Nakae H, Shimazu T, Miyauchi H, 
Morozumi J, Ohta S, Yamaguchi Y, 
Kishikawa M, Ueyama M, Kitano M, 
Ikeuchi H, Yukioka T, Sugimoto H. 
Does splenic preservation treatment 
(embolization, splenorrhaphy, and 
partial splenectomy) improve 
immunologic function and long-term 
prognosis after splenic injury? J 
Trauma. 2009; 67: 557-564. 
74.  Tominaga GT, Simon FJ Jr, 
Dandan IS, Schaffer KB, Kraus JF, 
Kan M, Carlson SR, Moreland S 
3rd, Nelson T, Schultz P, Eastman 
AB. Immunologic function after 
splenic embolization, is there a 
difference?  J Trauma 2009; 67: 289-
295. 
75.  Barquist ES, Pizano LR, Feuer W, 
Pappas P, McKenney KA, LeBlang 
SD, Henry RP, Rivas LA, Cohn SM. 
Inter- and intrarater reliability in 
computed axial tomographic grading 
of splenic injury: why so many 
grading scales? J Trauma. 2004; 56: 
334-338. 
76.  Elmore JR, Clark DE, Isler RJ, 
Horner WR. Selective nonoperative 
management of blunt splenic trauma 
in adults. Archives of Surgery 
1989;124: 581-585. 
77.  Morozumi J, Ohta S, Homma H, 
Sasaki H, Oda J, Suzuki K, Ohtaka 
Y, Noda M, Mishima S, Yukioka T. 
Introduction of mobile angiography 
into the trauma resuscitation room. J 
Trauma. 2009; 67:245-251. 
78.  Fu CY, Wu SC, Chen RJ, Chen YF, 
Wang YC, Huang HC, Huang JC, 
Lu CW, Lin WC. Evaluation of need 
for operative intervention i blunt 
splenic injury: intraperitoneal contrast 
extravasation has an increased 
probability of requiring operative 
intervention. World J Surg. 2010; 34: 
2745-2751. 
79.  79.Velmahos GC, Zacharias N, 
Emhoff TA, Feeney JM, Hurst JM, 
Crookes BA, Harrington DT, Gregg 
SC, Brotman S, Burke PA, Davis 
KA, Gupta R, Winchell RJ, 
Desjardins S, Alouidor R, Gross 
RI, Rosenblatt MS, Schulz ZT, 
Chang Y. Management of the most 
severely injured spleen- A 
multicenter study of the research 
consortium of New England centers 
for trauma (ReCONECT). Arch Surg. 
2010; 145: 456-460.  
80.  Jeremitsky E, Kao A, Carlton C, 
Rodriguez A, Ong A. Does splenic 
embolization and grade of splenic 
injury impact nonoperative 
management in in patients sustaining 
blunt abdominal trauma? The Journal of Medicine and Life Vol. 5, Issue 1, January‐March 2012 
  58
American Surgeon. 2011; 77: 215-
220. 
81.  Wu SC, Chen RJ, Yang AD, Tung 
CC, Lee KH. Complications 
associated with embolization in the 
treatment of blunt splenic injury. 
World J Surg. 2008; 32: 476-482. 
82.  Franco F, Monaco D, Volpi A, 
Marcato C, Larini P, Rossi C. The 
role of arterial embolization in blunt 
splenic injury. Radiol Med. 2011; 
116: 454-465. 
83.  Venter MD, Marian RC, Palea M, 
Ungureanu A, Morteanu S, Gulie L, 
Tovirnac S, Tudose A, Venter DP, 
Chiotoroiu AL, Beuran M. 
Chirurgia. 2010; 105: 243-248. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 